Chemical reaction effect on MHD viscoelastic fluid flow over a vertical stretching sheet with heat source/sink
Introduction
In recent years, a great deal of interest has been created on heat and mass transfer of the boundary layer flow over a stretching sheet, in view of its numerous applications in various fields such as polymer processing industry in manufacturing processes. Crane [107] computed an exact similarity solution for the boundary layer flow of a Newtonian fluid towards an elastic sheet which is stretched with the velocity proportional to the distance from the origin. Sakiadis [26, 27] first studied the boundary layer problem assuming velocity of a bounding surface as constant. The convection problem in porous medium has also important applications in geothermal reservoirs and geothermal energy extractions. A comprehensive review of the studies of convective heat transfer mechanism through porous media has been made by Nield and Bejan [42] . Hiremath and Patil [149] studied the effect on free convection currents on the oscillatory flow through a porous medium, which is bounded by vertical plane surface of constant temperature. Fluctuating heat and mass transfer on unsteady free convective MHD flow through porous media in a rotating system has been discussed by Dash et al. [62] . Subhashini et al. [20] studied the effect of mass transfer on the flow past a vertical porous plate. Unsteady free convective flow with mass transfer phenomenon past an infinite vertical porous plate with constant suction was studied by Soundalgekar and Wavre [223] . Soundalgekar [222] studied the effects of mass transfer and free convection currents on the flow past an impulsively started vertical plate. In these studies the magnetohydrodynamic effect has been ignored. Lai and Kulacki [57] Kafoussias and Williams [136] studied the thermal-diffusion and diffusion-thermo effects on the mixed free-forced convective and mass transfer steady laminar boundary layer flow over a vertical plate, with temperature dependent viscosity. Sajid and Hayat [127] investigated the radiation effect on the mixed convection flow over an exponentially stretching seet and solved the problem analytically using homotopy analysis method. The numerical solution for the same problem was then given by Bidin and Nazar [24] .
Recently, Poornima and Bhaskar Reddy [212] presented an analysis of the radiation effects on MHD free convective boundary layer flow of nanofluids over a nonlinear stretching sheet. However, the interaction of radiation with mass transfer due to a stretching sheet has received little attention. Abolbashari et al. 
Formulation of the problem
The appropriate boundary conditions are
Mathematical analysis
Assume that ( ) Using Equation (3.3.1), the governing equations (3.2.1) to (3.2.4) are transformed to the ordinary differential equations as follows:
with boundary conditions
where Pr υ α = is the Prandtl number, 
The nomenclature is given in Apendix-2
Numerical method
From the basic theory of ordinary differential equations (ODEs), there are two ways of solving nonlinear system of ODEs either as an IVP or BVP. One of the most popular method for solving general BVP with shooting technique (Roberts and Shipman,1972) with the simple shooting method one turns the BVP into a first order IVP, tries to obtain the solution based on a set of un specified initial conditions which are then converted through an iterative procedure (Newton's method) to satisfy the boundary conditions. The procedure requires the transformation in to the state-space form and also requires evaluation of the Jacobian. The success of the procedure depends on using an appropriate initial guess. The governing equations (3.3.3) to (3.3.5) have been solved with boundary conditions (3.3.6) using MATLAB code to implement Runge-Kutta fourth order method with shooting technique.
Results and discussion
The effects of physical parameters such as magnetic parameter ( Fig.3.4 shows the effect of heat source/sink. The conclusion is very straight forward as because the presence of sink absorbs the thermal energy which reduces the velocity whereas presence of source increases the velocity. Fig.3 .5 presents the effect of magnetic field on temperature distribution. An interesting point is to note that effect of magnetic field is to increase the temperature at all points which is a natural consequence of resistive force offered by magnetic field opposing the motion of the fluid, thereby, enhancing the thermal energy as a result of which temperature increases in the thermal boundary layer. Further, on careful observation Fig.3 .5 reveals that the presence of porous matrix increases the temperature in the flow domain; this is due to the resistance offered by the porous matrix to the flow of fluid under consideration. parameters. The similar discussion has already been carried out in case of temperature distribution ( Fig.3.6 ). 
Conclusion
• In the absence of porous matrix, heat source and chemical reaction, observation of the present study coincides with earlier published work of Rashidi et al.
[119] (Fig.3.2 ).
• • The reaction rate of chemical species plays an important role on velocity boundary layer.
• Presence of heat source and higher value of Prandtl number induce absorption of temperature for a few layers away from the plate.
• The generative reaction combined with Soret effect favors the growth of solutal boundary layer.
• Dufour number, chemical reaction parameter and heat source enhance the skin friction whereas Soret number and magnetic field reduces the skin friction at the plate.
• Chemical reaction, Prandtl number and Soret number enhances the rate of heat transfer at the plate. 
